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Abstract 
The favorable climate and geographical conditions support the wide diversity of 
flora in Hong Kong. According to the information provided by the Hong Kong 
Herbarium, there are 3，164 species of vascular plants with 16 species named after 
Hong Kong. Asarum hongkongense is a potential medicinal herb which was only 
discovered in 1988 and is endemic to Hong Kong. 
Herba Asari is a Chinese medicinal material known as Xixin (糸田辛)，which is 
derived from the entire plant of several species of Asarum. The plant parts used as 
medicine have recently been restricted to the roots and rhizomes, and thus re-named 
as Radix et Rhizoma Asari, due to the presence of the toxic ingredient aristolochic 
acid in the aerial parts. Herba Asari is a "warming and surface-relieving herb" with a 
diversity of medicinal functions including dispelling excessive cold, relieving pain 
and eliminating inflammation. 
In this study, Asarum hongkongense was investigated by employing four distinct 
approaches, including macroscopic features, microscopic features, aristolochic acid 
content and molecular DNA sequencing. 
The form and structure of the leaf, rhizome, root and flower of Asarum 
hongkongense are described in the first chapter. The leaf is ovate-cordate with 
densely ciliated margin. The plant has elongated prostrate rhizome, spicy root and 
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bell-shaped flowers with three sepals. 
In chapter two, the internal structures of the root, rhizome, stem and powders are 
characterized. Stomata are only exists on the lower epidermis of the leaf blade and 
the subsidiary cells are mostly tetracytic. The central xylem of the root appears from 
triarch to hexarch. The vascular bundles of the rhizome form an incomplete ring and 
the cambium between vascular bundles is indistinct. The starch grains are from 
simple to compound form of 6 units. The vessel is reticulate or spiral. 
The DNA sequence of Asarum hongkongense was studied. The length of DNA 
nucleotide of ITS 1 region and ITS2 region are 256 bp and 219 bp，respectively. 
The aristolochic acid content was determined by means of High Performance Liquid 
Chromatography. The detection limit of the method was 50 ng/mL. The aristolochic 
acid-I content in the leaf part was found to be 4.8 mg/kg while its concentration in 
the root part was 1.5 mg/kg, which is only one third of that of the leaves. 
Being an endemic potential herb that possesses medicinal potentials, Asarum 
hongkongense deserves further studies in detail. The present studies provide 
foundation information to support further research and development of this herb. 
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1.1.1 History of Botanical Studies in Hong Kong 
Hong Kong is 1,104 sq. km. in size. It lies within the subtropics and experiences 
maritime climate. The developed area is about 20% of the total land area; agricultural 
land is about 5%, and the rest is countryside including native woodlands and 
plantations, shrub lands, and grasslands. The favorable climate and geographical 
conditions bring about a large variety of ecological environments, which support the 
wide diversity of flora (Chau et al.，2000). The major vegetation type of Hong Kong 
belongs to the evergreen broad-leaved forest of the subtropics. Besides those 
representatives of southern China, many species typical of the Southeast Asian 
tropical flora are also growing in Hong Kong. 
The history of botanical studies in Hong Kong can be traced back to 1841 when 
Richard B. Hinds, from England, collected 140 species of plant specimens in Hong 
Kong (Hinds, 1841). These were the first authentic records of plant specimen 
collection in the Colony. In the following 30 years, a number of well-known 
botanists came to collect plant samples on Hong Kong Island. However, most of the 
plant specimens were exported from Hong Kong at that time until the establishment 
of the Hong Kong Herbarium in 1878. Today, the Herbarium regularly updates the 
'Check List of Hong Kong Plants' and produces educational materials on various 
topics regarding local plants and flora conservation. 
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(http://www.hkherbarium.net/Herbariuin/intro.html). It plays a significant role in 
supporting the studies on plant taxonomy and the local flora. 
According to the information provided by the Hong Kong Herbarium in 2004, there 
are 3,164 species of vascular plants in Hong Kong belonging to 261 families and 
1,374 genera (Hong Kong Herbarium, 2004). 
1.1.2 Plant Species Named after Hong Kong 
Until now, there are 16 plant species named after Hong Kong, bearing the specific 
epithet hongkongensis or hongkongense. These species are listed in Table 1.1 in 
chronological order of discovery. As shown in the table, only Asarum hongkongense 
S.M. Hwang et T.P. Wong Siu (Figures 1.1 and 1.2), Begonia hongkongensis F.W. 
Xing and Syndiclis hongkongensis N.H. Xia，Y.F. Deng & K丄.Yip are endemic to 
Hong Kong. 
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Table 1.1 List of plants named after Hong Kong 
Name of Plant Family Endemic to Year 
Hong Kong discovered 
Polygala hongkongensis Hemsley Polygalaceae No 1847_1850 
Rhododendron hongkongense Hutchinson Ericaceae N o 1847-1850 
Camellia hongkongensis Seemann Theaceae N o 1849 
Dendrobenthamia hongkongensis (Hemsley) Comaceae N o 1850 
Hutchinson 
Pavetta hongkongensis Bremekamp Rubiaceae N o 1850 
Piper hongkongense Hatusima Piperaceae N o 1850 
Artabotrys hongkongensis Hance Annonaceae N o 1853 
Rhaphidophora hongkongensis Schott Araceae N o 1860 
Tainia hongkongensis Rolfe Orchidaceae N o 1879 
Dysoxylum hongkongense (Tutcher) Merrill Meliaceae N o 1903 
Impatiens hongkongensis Grey-Wilson Balsaminaceae N o 1925 
Spiranthes hongkongensis S. Y. Hu & Orchidaceae N o 1976 
Barretto 
Asarum hongkongense S.M. Hwang & T.R Aristolochiaceae Yes 1988 
Wong-Siu 
Balanophora hongkongensis K.M. Lau, N.H. Balanophoraceae N o 1991 
Li & S.Y. Hu 
Begonia hongkongensis F.W. Xing Begoniaceae Yes 1996 
Syndiclis hongkongensis N.H. Xia, Y.F. Deng Lauraceae Yes 2005 
& K丄.Yip 
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Figure 1.1 Living plant of Asarum hongkongense 
\ J ^ k ' i 
Figure 1.2 Asarum hongkongense in dried product 
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1.2 Botanical Background of Asarum Plants 
1.2.1 Plant Species under the Family of Aristolochiaceae 
The Family Aristolochiaceae comprises there are eight genera and 450-600 species 
distributed in the tropical and subtropical regions. The eight genera are Aristolochia, 
Asarum, Thottea, Euglypha, Holostylis, Isotrema, Par aristolochia, and Saruma. In 
China, there are four genera, namely, Aristolchia, Asarum, Saruma and Thottea (Wu 
et al., 2003) and 86 species (69 endemic) (Cheng et aL, 1988) of which Saruma is 
endemic (He and Chen，1999). Among all genera, Aristolochia is the largest genus 
comprising over 300 species. Asarum is the second largest with 90 species, mostly 
growing in Southeast Asia but a few species are found in the North America and one 
species {Asarum europaeum) is endemic to Europe. Thirty-nine species (34 endemic) 
of Asarum grow in China (Wu et al , 2003; Cheng et al., 1988). 
In Hong Kong, there are two genera, namely, Aristolochia and Asarum, represented 
by 6 species, namely, Aristolochia championii Merr. & Chun，Aristolochia fordiane 
Hemsl., Aristolochia tangala Champ., Aristolochia thwaitesii Hook, f., Aristolochia 
westlandii Hemsl. and Asarum hongkongense S.M. Hwang et T.R Wong Siu, which 
is the only local species belonging to the genus of Asarum (Hong Kong Herbarium, 
2004). 
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1.2.2 Herba Asari 
The Chinese materia medica Herba Asari (Figure 1.3), also known as Xixin (/細辛）in 
the Chinese language, is traditionally defined as the dried whole herb of at least three 
Asarum species, i.e. Asarum heterotropides Fr. Schmidt var. mandshuricum (Maxim.) 
Kitag. Lin., Asarum sieboldii Miq. f swoulense (Nak.) C.Y. Cheng et C. S. Yang and 
Asarum sieboldii Miq. (Xu, 1996; Cheng, 2005; Xiao et al., 2001). However，due to 
the discovery of toxicities caused by aristolochic acid which is more abundant in the 
aerial parts than in the subterranean parts, Herba Asari has now been redefined in the 
latest edition of Chinese Pharmacopeia (2005 Edition) as the only root and rhizome 
parts of the three Asarum species mentioned above, and thus re-named as Radix et 
Rhizoma Asari. 
Although it is believed to possess medicinal properties (Lee, 2001), Asarum 
hongkongense is not yet included in the Chinese Pharmacopoeia. 
6 
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Figure 1.3 Herba Asari from local market 
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1.2.3 Classification oi Asarum hongkongense 
Asarum hongkongense belongs to the Aristolochiaceae family (Hong Kong 
Herbarium, 2004; Hwang and Wong, 1990). The following is the taxonomic 






Genus: Asarum Linnaeus 
Species: Asarum hongkongense S.M. Hwang et 
T.R Wong Siu 
1.2.4 Growing Habitat of Asarum hongkongense 
Asarum hongkongense is a perennial herb and has small wild populations growing on 
hill slopes at altitudes of 500-800 meters in Lantau Island (Wu et al, 2003). The 
growing habitat (Figure 1.4) is in full shade or in partial shade under thickets or thin 
forests with moderate moisture. The vegetation of the growing habitat includes 
Acorus tatahnowii Schott, Ilex rotunda Thunb., Psychotria asiatica L., Gnetum 
luofuense, Rubus reflexus, Machilus sp., and Cinnamomum burmannii Blume. The 
hill slope is usually full of rocks with a thin layer of top soil which provides good 
drainage of water. The rhizomes of Asarum hongkongense spread slowly to dominate 
other plants and provide ground cover for the shade areas. 
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1.3 Medicinal Properties of Herba Asari 
Herba Asari was mentioned in the Shanghai! Lun (傷寒論)，the earliest existing 
formula classic of Chinese medicine guide (Subhuti, 2000). Since then, it has passed 
down to modem time and is still frequently used by Chinese medicine practitioners. 
Herba Asari is a warming and surface-relieving herb. It has a wide diversity of 
functions including: 
a) dispelling excessive cold and wind from the body, wanning the lung to resolve 
accumulated fluids (Hsu et al.，1986). 
b) Dispelling wind-cold, relieving nasal obstruction, alleviating pain and removing 
retained morbid fluid (Cheng, 2005). 
c) lowering pain response (Duan et al., 2006). 
d) relieving pain and eliminating inflammation (Cheng, 2006). 
The indications for prescribing Herba Asari include sinusitis, toothache, rheumatoid 
arthritis due to wind and dampness, retention of phlegm and fluid, cough with 
dyspnoea, and general coughing (Hsu et al., 1986). 
1.4 Chemical Constituents of Herba Asari 
The chemical constituents in Herba Asari vary in different species. Unlike 
Aristolochia species, aristolochic acid (AA) is not the main ingredient in Asarum 
plants. As stated in 'The Chinese Materia Medica，，the content of essential oil of 
Herba Asari is about 5.8% (Xu, 1996). The constituents in some Asarum species are 
given in Table 1.2，in which safrole, methyleugenol, and asarone are known to be the 
main active ingredients (Subhuti, 2000). 
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Table 1.2 Chemical constituents in some Asarum species 
Name of herb Chemical constituents Reference 
A. caulescene |3-pinene ,2-carene, p-phellandrene, Zhu et al , 
1,8-cineole, gennacrone,etc. 2006 
A. longerhizomatosum Asarone, P-sitosterol, 2,4,5-trimethoxy- Zhang et al., 
benzaldehyde, 4-(2,4,5-trimethoxyphenyl)- 2001 
3-en-butylone and 
3 p-hydroxystigmast-5-en-7-one 
A. maximum Asarone, l-sesamin ，Wangeta l . , 
2,4,5-trimethoxybenz- aldehyde, 2000 
1 -[(2,4,5-trimethoxy)-phenyl]-1 -
propanone, 1 -[(3,4-dimethoxy)-phenyl] -1 -
propanone, |3-sitosterol, glyceryl 
monostearate, daucosterol, aristololactam 
and 7-methoxy-aristololactam IV 
A. sagittarioides Asarone, linalool，P-farnesene, nerolidol，Xie，2003 
cinnamate 
A. Chinese l-asarinin, l-sesamin and P-sitosterol Yang et al., 
2005 
A. Chinese kakuol, 2-methoxy-4,5-methylenedioxy- Yang et al.， 
propiophenone, and pluviatilol 2006 
A. heterotropoides Methyl eugenol, safrole， eucarvone, Subhuti, 2000 
sabinene, elemicin, estragole, beta-pinene 
A. sieboldii Methyl eugenol, croweacin, asaricin, Subhuti, 2000 
beta-pinene, alpha-terpineol 
11 
1.5 Aristolochic Acid and Health Issues 
1.5.1 Aristolochic Acid Intoxication 
Traditional Chinese medicine (TCM) has been used for centuries throughout China 
(Schaneberg, et al.，2004). Nowadays, there is increasing popularity of herbal 
medicines in the Western countries. The World Health Organization recognizes that 
nearly 80% of the world population depends on traditional medicine for primary 
health care (Famsworth, 1985). In Hong Kong, up to two-thirds of the population 
choose Chinese herbal medicine as an alternative or complementary source of health 
care (But, 1993). The safety issues on their use have been a great concern. 
Herba Asari has not been a subject of safety concern until recent years. It was not 
banned for use and no toxicity reports could be found in the literature. However, 
following the widespread availability of herbal medicines in the changing 
circumstances of the modem world, safety questions about many commonly used 
herbs are beginning to be raised. 
Global concerns about the presence of aristolochic acid in botanical products was 
started from an incident that happened in a Belgian weight control clinic from 
1990-1992. Over 100 clients developed renal problems after taking a Chinese herbal 
remedy (Vanherweghem et al, 1993; Vanherweghm et al., 1994). The victims 
developed the symptoms of mild low-molecular-weight proteinuria, hypertension, 
severe anemia, and uroepithelial atypia (Depierreux et al, 1994; Cosyns et al., 1994; 
Kabanda et al., 1995). The initial conclusion pointed to an adulteration of the product 
with Aristolochia fangchi (Radix Aristolochiae fangchi, Guang Fangji (廣防己）for 
Stephania tetrandra (Radix Stephaniae, Fangji 防己）(Vanherweghem et al., 1998; 
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But, 1993; Vanhaelen et al., 1994). Aristolochic acids (AA) were identified to be the 
toxic substances present in the Aristolochia plants. Subsequently, similar cases of 
AA intoxication were reported from United Kingdom (Lord et al., 1999)，France 
(Stengel and Jones，1998), USA (Meyer et al., 2000), Spain (Pena et al., 1996) and 
Asia (Zhu and Phillipson, 1996; Vanherweghem, 1997; Hashimoto et aL, 1999). 
1.5.2 Description of Aristolochic Acid 
Aristolochic acid (AA) is a group of structurally analogous nitrophenanthrene 
derivatives including two principal constituents of aristolochic acid I (AA-I) and 
aristolochic aicd II (AA-II) (Mix et al., 1982). They are yellow in colour, bitter in 
taste, and acidic in chemical property. The chemical structures of AA-I and AA-II are 
shown in Figure 1.5. Aristolochic acid I is 
3,4-methylenedioxy-8-methoxy-10-nitrophenanthrene- l-carboxylic acid (C17H11NO7, 
molecular weight 341)，whereas aristolochic acid II differs in lacking the methoxy 
group (C16H9NO6, molecular weight 311). Other minor components are aristolochic 
acid III，aristolochic acid Ilia, aristolochic acid IV and aristolochic acid IVa (De 
Smet et al , 1992). 
1.5.3 Toxicities of Aristolochic Acid 
Aristolochic acid (AA) is nephrotoxic in female Wistar rats，in which renal tubular 
necrosis and renal failure rapidly developed after treatment with the compounds 
(Mengs et al., 1982). The presence of AA-DNA adducts was demonstrated in the 
renal tissues of animals suffered from AA nephropathy (Schmeiser et al., 1996). 
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Figure 1.5 Chemical structures of aristolochic acid I and II 
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The mechanism of how AA attacks the kidney is not clear. Available information 
shows that AA can enter the kidney cells and attach to the DNA, forming DNA 
adducts. The affected kidney cells may then produce a new or modified surface 
protein makes the kidney cells vulnerable to autoimmune attack (Subhuti, 2000). The 
DNA—AA adducts were also detected in the fore-stomach, glandular stomach, liver, 
kidney and urinary bladder of rats after treatment with AA (Stiborova et al., 2003; 
Pfau et al., 1990; Dong, 2006). 
The LDso of AA ranges from 56 to 203 mg/kg orally or 38 to 83 mg/kg intravenously, 
depending on species and sex of rats (Mengs, 1987). 
1.5.4 Aristolochic Acid-Containing Plants 
Aristolochic acid (AA) is the main ingredient in Aristolochia species but it also exists 
in other plants such as Asarum (Hashimoto et al., 1999) and Bragantia (Flurer et al., 
2001; Schaneberg et al., 2002; Jong et al, 2003; David et al., 2003 ). 
A survey was conducted in 25 products containing Aristolochia or Asarum species as 
ingredient in the USA market. The result indicated that six of the products contained 
detectable amounts of AA-I and AA-II (Schaneberg and Khan, 2004). 
The species of Aristolochia fangchi, the adulterant found in the Belgian weight 
control clinic, was also confirmed to contain a series of the nephrotoxic alkaloids, 
AA-I and AA-II (Rucker and Chung, 1975; Cateni and Mamolo, 1992; Mengs and 
Stotzem, 1993; Vanhaelen et al, 1994; Vanherweghem et al., 1993). In 2001，the 
Food and Drug Adminstration of USA issued a public advisory warning in which a 
list of 33 plants (Table 1.3) were claimed or suspected to contain aristolochic acid. 
They include 29 species of Aristolochia, 3 species of Asarum and 1 
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Table 1.3 Botanicals known or suspected to contain aristolochic acid 
Item Botanicals 
1 Aristolochia acuminata Lam. 
2 Aristolochia argentina Griseb. 
3 Aristolochia baetica Linn. 
4 Aristolochia bracteata Retz. 
5 Aristolochia chilensis Bridges in Lindl. 
6 Aristolochia cinnabarina C.Y. Cheng & J.L. Wu 
7 Aristolochia clematitis L. 
8 Aristolochia contorta Bunge 
9 Aristolochia cymbifera Mart. & Zucc. 
10 Aristolochia debilis Siebold & Zucc. 
11 Aristolochia elegans Mast. 
12 Aristolochia esperanzae Kiintze 
13 Aristolochia fangchi Y.C. Wu ex L.D. Chow & S.M. Hwang 
14 Aristolochia fimbriata Cham. 
15 Aristolochia indica L. 
16 Aristolochia kaempferi Willd. 
17 Aristolochia hvangsiensis Chun & F.C. How 
18 Aristolochia macrophylla Lam. 
19 Aristolochia manschuriensis Kom. 
20 Aristolochia maurorum L. 
21 Aristolochia maxima Jacq. 
22 Aristolochia mollissima Hance 
23 Aristolochia pistolochia L. 
24 Aristolochia rigida Duch. 
25 Aristolochia rotunda Linn. 
26 Aristolochia serpentaria L. 
27 Aristolochia watsoni Wooton & Standley / Aristolochia watsonii Wooton & Standley 
28 Aristolochia westlandii Hemsl. or Aristolochia westlandi Hemsl. 
29 Aristolochia zollingeriana Miq. 
30 Asarum canadense Linn. 
31 Asarum himalaicum Hook. f. & Thomson ex Klotzsch / Asarum himalaycum Hook. f. & 
Thomson ex Klotzsch 
32 Asarum splendens (F. Maek.) C.Y. Cheng & C.S. Yang 
33 Bragantia wallichii R.Br. 
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species of Bragantia. (Flurer et al.，2001; Schaneberg et al.，2002; Jong et al., 2003). 
1.5.5 Control of Aristolochic Acid-Containing Products 
Herbal remedies containing species of the genus Aristolochia were recently classified 
as carcinogens to humans (group 1 carcinogen) by the International Agency for 
Research on Cancer (lARC) (lARC, 2002). Therefore, products containing AA have 
been forbidden in many countries and consumers are advised to discontinue the use 
of any botanical products containing AA. 
On 11 April 2001，the Food and Drug Administration of USA released a public 
advisory warning advising consumers to immediately discontinue the use of products 
containing AA (Flurer et al., 2001). The United Kingdom was quick to take measures 
to regulate products containing AA as well. The sales, supply and import of any 
medicinal products containing plants from the Aristolochia genus are prohibited 
(Statutory Instrument, 2001). 
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1.5.6 Control of Aristolochic Acid-Containing Products in Hong 
Kong 
Hong Kong took action to control AA-containing products since September 2003. A 
group of medicinal herbs belonging to the Family of Aristolochiaceae was prohibited 
for sales in Hong Kong. Later on, the Health Department issued a letter on 13 March 
2004 concerning a case of suspected AA poisoning due to erroneous substitution of 
Herba Solani Lyrati with Aristolochia mollissima (Liang et al.，2005). In order to 
avoid the risk of confusion in tradional Chinese medicine nomenclature, the use of 
Herba Solani Lyrati, Aristolochia mollissima and another herb with the same Chinese 
name as Pak Mo Tang (白毛丹)were temporarily suspended. 
On 24 April 2004, the Department of Health announced that the import and sales of 
Aristolochia herbs and proprietary Chinese medicines containing AA were prohibited, 
while the import and sales of Asarum plants (Herba Asari) was suspended with effect 
from 1 June 2004 (Department of Health, 2004a). The Health Department then 
conducted chemical analysis to test for the presence of AA in a number of medicinal 
herbs and proprietary Chinese medicines (Department of Health, 2004b). 
According to the study results of Health Department, Caulis Aristolochiae 
Manshuriensis (關木通）contained the highest amount of AA, followed by Radix 
Aristolochiae, Fructus Aristolochiae, Herba Aristolochiae Mollissimae, and Radix 
Aristolochiae Fangchi. Herba Asari had the least amount of AA. Moreover, the 
amount of AA in Herba Asari concentrates in the aerial above-ground parts rather 
than the subterranean under-ground parts (Xu et al., 2005). Consequently, the 
subterranean parts of Asarum species are considered safe for use. 
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1.6 Objectives of the Study 
Asarum hongkongense is a new species discovered in 1988. It is one of the sixteen 
plants named after Hong Kong. It is endemic to hillsides of Lantau Island in Hong 
Kong at altitude of 500-800 meters. No report of discovery in other place is 
documented. It is also the only plant of the Asarum genus growing in Hong Kong. 
Traditionally, Herba Asari is a warm-surfacing Chinese Medicine for curing common 
cold, relieving pain and eliminating inflamation. According to "Chinese Medicine 
Herbs of Hong Kong" (Lee, 2001)，A. hongkongense is also classified as a Chinese 
Medicine with similar function as Herba Asari. Since there is no scientific reports on 
this potential medicinal plant, it is desirable to conduct a series of studies on this new 
species in order to provide foundation information for scientific research, clinical 
studies and applications. 
In addition, the confusion in names, and frequent counterfeiting of Chinese Medicine 
frequently happens worldwide, it is also desirable to provide more detailed 
information for differentiating Asarum hongkongense from other similar species. 
In this thesis, gross and macroscopic study provides the basic botanical information 
of Asarum hongkongense. Microscopic study provides detailed information of cells 
and tissue organization. Aristolochic acids are determined by means of HPLC. At 




Macroscopic Features of Asarum hongkongense 
2.1 Introduction 
Macroscopic study refers to the plant morphology. Morphology is essentially the 
study of "form" in all its aspects, and an analysis of the shapes and structures by 
comparing the forms with one another or with a common standard, or both. It 
includes a study of the development of plants throughout the growing stages and 
their evolutionary development. Macroscopic study plays a descriptive role and is 
the first step in taxonomic investigation. In taxonomy, plants are classified into 
categories according to their characters (broadly, their appearance). Although 
nowadays many researchers shift to the molecular study of plants, gross morphology 
remains the foundation of botanical investigation. 
In this study, the form and structure of the leaf, root, rhizome and flower of Asarum 
hongkongense are described. 
2.2 Plant Material 
2.2.1 Asarum hongkongense 
The sample of Asarum hongkongense was collected from the hill slope of Tai Tung 
Shan on Lantau Island, Hong Kong in the spring of 2005. Two type specimens of 
Asarum hongkongense with flowers are deposited at the Hong Kong Herbarium 
(Figure 2.1). 
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Figure 2.1 Specimen of Asarum hongkongense at the Hong Kong Herbarium 
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Figure 2.2 Individual structure of Asarum hongkongense 
1. Plant 2. A part of leaf showing ciliated margin 3. Pistil and stamen, with 
perianth removed 4. Perianth-tube 5. Stamen 6. Pistil 7-8. Lateral and dorsal 
views of style and stigma 
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2.2.2 Herba Asari 
Sample of Herba Asari can be obtained from the local market where the materials are 
rolled into a mass. The commercial product, it is found that the perianth-lobes are 
appressed to the perianth-tube; hairs of the leaves are growing on the veins on the 
upper side but all over the back side; the stems are glabrous. Base on these 
macroscopic features, the materials could be identified to be Asarum heterotropides 
Fr. Schmidt var. mandshuhcum (Maxim.) Kitag. Lin. (Liaoxixin 遼糸田辛 ) ) ( L i u et al., 
2002). 
2.3 Macroscopic Characteristics 
2.3.1 Leaf 
Figure 2.3 shows the morphology of the leaf. For each plant of Asarum 
hongkongense’ 2-3 basal leaves are presented (Figure 2.3.1). The leaf is 8.9- 15.5 cm 
long and 3.8-7.5 cm wide with 0.19 - 0.32 mm thick. It is simple, entire, slightly 
leathery, ovate-cordate to ovate, apex acute, and base deeply cordate (Figure 2.3.2). 
The leaf blade is uniformly colored with both surfaces glabrous and shiny (Figures 
2.3.2-2.3.3). The upper surface (Figure 2.3.2) is dark green and the under-surface 
(Figure 2.3.3) is pale green. The margin is covered by densely hook-like 
non-glandular hairs (Figure 2.3.4). It is strongly veined with 7 basal veins (Figure 
2.3.5)，the midrib being more prominent on the dorsal side and becomes obvious 
after being dried (Figure 2.3.6). The petiole is 12 - 23 cm long, 1-2 mm in diameter, 
glabrous, slightly flexible and faint green (Figure 2.3.3). 
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Figure 2.3 Leaf of Asarum hongkongense 
1. Entire leaf 2. Front side of fresh leaf 3. Dorsal side of fresh leaf 
4. Margin of leaf 5. Front side of dried leaf 6. Dorsal side of dried leaf 
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2.3.2 Root and rhizome 
The elongated rhizome is fleshy, spicy-smelling and horizontally prostrate, 3.6-5.2 
mm in diameter (Figure 2.4). The intemodes are 5.2-18.6 mm long. The root is 
fleshy, non-brittle when dried, with ringed nodes and slightly jointed; 1.1-2.4 mm in 
diameter (Figure 2.4). The surface is brownish in color which will become dark grey 
and wrinkled when dried. The inside is yellowish and becomes brownish after drying. 
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Figure 2.4 Root of Asarum hongkongense 
A : Root and rhizome B : Magnification of part of the root 
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2.3.3 Flower 
The pedicel is glabrous, purplish green and is 0.9-4 cm long (Figures 2.5.1 and 
2.5.2). 
The cataphylls are ovate, 7.1-12.3 mm long, 3.5-7.1 mm wide and the margin is 
densely ciliated (Figures 2.5.3 and 2.5.4). As shown in Figure 2.6.1, the flower is 
hidden amongst the leaf stems. It is solitary, purplish green, and bell-shaped (Figure 
2.6.2). The throat is constricted (Figure 2.6.3). The tube is broadly ovoid or 
subglobose，without membranous circle inside, glabrous outside (Figure 2.6.4)， 
inside hairless and adaxially longitudinally papillate-rugose (Figure 2.6.5), and 
orifice ring inconspicuous. The limb is patent, 3-lobed, lobes broadly ovate, 0.8-1.6 
cm long and 1.0-1.4 cm wide, base with purple papillate-corrugate area and lateral 
lobes erect or spreading (Figure 2.6.6). 
There are 12 stamens (Figures 2,7.1 and 2.7.2). The filament is much shorter than the 
anther (Figures 2.7.3 and 2.7.4). The ovary is nearly superior and ovate (Figure 
2.7.5). The style is 6 with erect 2-cleft arms on each style (Figure 2.7.6). 
The flowering period of Asarum hongkongense is between October to July in the 
following year. 
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Figure 2.5 Cataphylls of flower of Asarum hongkongense 
1-2. Petiole 3. Cataphyllus 4. Magnified cataphyllus 
28 
闕 
3 cm 1 cm 
M P y ^ M I 
1 cm 1 cm 
mm 
1 cm 1 cm 
Figure 2.6 Flower of Asarum hongkongense-l 
1. Flowering plant 2. Gutter surface of the flower 3-4. Lateral view of the 
flower 5. Inside of the flower tube 6. Front view of the flower 
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Figure 2.7 Flower of Asarum hongkongense-2 
1. Close-up of flower 2-3. Pistil and stamen with perianth removed 
4. Magnified stamen 5. Pistil 6. Top view of the magnified stigma 
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2.4 Macroscopic Characteristics of Herba Asari heterotropoidis 
(Liaoxixin) 
2.4.1 Leaf 
The dried leaf of Herba Asari heterotropoidis (Liaoxixin) is rolled into a mass 
(Figure 2.8.1). There are always 2 basal leaves (Figures 2.8.2 and 2.8.3). The leaf is 
4.6-7.2 cm long, 9-14.8 cm wide and 0.1-0.16 mm thick. It is simple, entire, papery, 
apex acute and reniform. 
There are 7 basal veins, the midrib being more prominent on the dorsal side (Figure 
2.8.3) and obvious when dried. 
The petiole is 13-16.5 cm long, 1-3 mm in diameter, glabrous, fragile, and faint 
green. 
2.3.3 Root and rhizome 
The rhizome is short, very fragile, and spicy-smelling, 1.8-3.9 mm in diameter 
(Figure 2.9). 
The amount of root is abundant (Figure 2.9). It is fragile, non-brittle when dried, 
with ringed nodes and slightly jointed; 1.1-1.8 mm in diameter; surface is brownish 
in color and the inside is yellowish. The intemodes are 3.55-8.69 mm long. The 




Figure 2.8 Leaf of Herba Asari heterotropoidis (Liaoxixin) 
1. Herba Asari 2. Front side of dried leaf 3. Dorsal side of dried leaf 
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Figure 2.9 Root of Herba Asari heterotropoidis (Liaoxixin) 
A: Root and rhizome B: Magnification of part of the root 
1. rhizome 2. root 
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2.4.3 Flower 
The features of the flower are shown in Figure 2.10.A. The pedicel is glabrous, 
purple colour and is 0.9-4 cm long. The flower is solitary, purple colour, and 
bell-shaped. The throat is constricted and the tube is broadly ovoid or subglobose. 
The perianth-lobes are 3, broadly ovate and appressed to the perianth-tube. There are 
12 stamens (Figure 2.1 OB). The length of filament is almost the same as that of the 
anther (Figure 2.IOC). The ovary is nearly superior and ovate (Figure 2.10D). The 
number of style is 6 (Figure 2.10E). 
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Figure 2.10 Flower of Herba Asari heterotropoidis (Liaoxixin) 
A. Whole flower B. Top view of pistil and stamen, with perianth removed C-D. 
Lateral view of pistil and stamen with perianth removed E. Magnified pistil and 
stamen 
1. flower 2. pedicel 3. anther 4. stigma 5. filament 
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2.5 Discussion 
Asarum hongkongense is a perennial creeping herb which is inconspicuous and 
fragrant. The morphology was studied and the features of leaf, root, rhizome and 
flower are described above and summarized below. 
The leaf of Asarum hongkongense is simple, entire, 0.19-0.32 mm thick, slightly 
feather, glabrous, shiny, ovate-cordate to ovate, 8.9-15.5 cm long, 3.8-7.5 cm wide, 
apex acute and base deeply cordate. Each leaf has 7 basal veins. The midrib is more 
prominent on the dorsal side. The petiole is glabrous, slightly flexible，faint green 
and with 12-23 cm long and 1-2 mm in diameter. The leaf of Herba Asari 
heterotropoidis (Liaoxixin) is 4.6-7.2 cm long and 9-14.8 cm wide with 0.1-0.16 mm 
thick and reniform. The leaf of Asarum hongkongense is much thicker and the apex 
is less acute than that of Herba Asari heterotropoidis (Liaoxixin). The distribution of 
non-glandular hair is the main feature for differentiating Herba Asari of different 
species. Non-glandular hairs can only be found on the margin of Asarum 
hongkongense leaves but they are presented on the upper and on dorsal surfaces of 
Herba Asari heterotropoidis (Liaoxixin) leaves. 
The rhizome of Asarum hongkongense is fleshy, spicy, horizontal, elongated, 
brownish, slightly jointed with 3.2-5.2 mm in diameter. The intemode is 5.2-18.6 
mm long. Root is few, fleshy with 1.1-2.4 mm in diameter. Both rhizomes and roots 
smell spicy and taste slightly bitter. The rhizome of Herba Asari heterotropoidis 
(Liaoxixin) is much shorter and the root is much abundant and more spicer than that 
of Asarum hongkongense. 
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The flower of Asarum hongkongense is solitary, purplish green in colour, 
bell-shaped with constricted throat. The tube is broadly ovoid or subglobose, 
glabrous outside, inside hairless and adaxially longitudinally papillate-rugose. The 
limb is patent, 3-lobes, lobes broadly ovate, 1.2-1.6 cm long and 1.0-1.4 cm wide, 
base with purple papillate-corrugate area and lateral lobes erect or spreading. On the 
other hand, the perianth-lobes of Herba Asari heterotropoidis (Liaoxixin) are 
appressed to the perianth-tube which is a characteristical features for identification 
among similar species. 
The pedicel of Asarum hongkongense is ovate, 12-12.3 mm long and 6.4-7.1 mm 
wide. The margin of cataphylls is densely ciliated. There are 12 stamens and the 
filament is shorter than the anther. The number of style is 6 with slightly 2-cleft arms 
on each style. The ovary is ovate and nearly superior. On the other hand, the length 
of stamens and filament are almost the same in Herba Asari heterotropoidis 
(Liaoxixin). 




Microscopic Features of Asarum hongkongense 
3.1 Introduction 
Microscopical examination is a method with the application of microscope to 
investigate the characteristic features of tissues, cells and cell contents in sections, 
powders, and disintegrated tissues. It can provide more detailed information than 
morphological examination. Sometimes, preparation of slides of longitudinal 
sections, powder, disintegrated tissue, pollen, and spore are required. To measure the 
sizes of cells and cell contents, ocular micrometer is used. In addition, some 
chemicals contained in the cells or tissues can be detected by microscopic 
examination such as starch, fatty oil drops, and calcium oxalate crystals. The 
identification of calcium oxalate crystals in cells is a useful tool for botanical 
identification. 
Stomatal index is one of the microscopical measurements used in the present study. 
It refers to the percentage proportion of stomata to epidermal cell: 
I = S / (E+S) X 100 
Where I = stomata index 
S = number of stomata per unit area 
E= number of ordinary epidermal cells in the same unit area. 
Pieces of leaf other than extreme margin or midrib were selected. The counts were 
made to the numbers of epidermal cells and of stomata within the square grid. 
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In this chapter, the microscopic features of Asarum hongkongense was compared 
with Herba Asari heterotropoidis (Liaoxixin) which is the only Herba Asari found in 
the local market. 
3.2 Plant Materials 
Sample of Asarum hongkongense and Herba Asari heterotropoidis (Liaoxixin) were 
collected and obtained as described in section 2.2. 
3.3 Chemicals, Reagents and Instrumentation 
Microscopic reagents included Tissue-Tek 4583，O.C.T. for embedding frozen tissue 
specimens (Sakura Finetechnical Co. Ltd.), glycerin (Sigma Aldrich Co.)，chloral 
hydrate solution (Peking Chemical Works, Peking, China), dying agents including 
Safranine O (BDH Chemicals Ltd., England) and Fast Green FCF (Hartman-Leddon 
Company). 
Microscopic instruments used were Nikon SE Type 102 and Olympus BX 51 
dissection microscopy, equipped with a Spot Insight Fire Wire Digital Camera. 
3.4 Methods 
The methods of microscopic identification were based on those recommended in 
Appendixes II A-21 and A-22 of the Chinese Pharmacopoeia (Cheng, 2005). For 
preparing transverse section slide, the rhizome, root, leaf and stem were soaked in 
water for softening. They were then divided into 0.5-1.5 cm long and embedded in 
Tissue-Tek (O.C.T. compound). The embedded materials were cut into sections of 
10-20 |j,m in thickness with a razor blade or using sliding microtome. They were 
stained by Safranine O and Fast Green FCF and finally mounted in Canada balsam. 
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The samples of different plant parts were ground into powder (Sieve No.4, 250 jam, 
Aperture No. 65) and examined microscopically using dilute glycerin and chloral 
hydrate solution as mountants. All organelles were examined under optical 
microscope except starch grains which were also observed under a polarizing 
microscope. 
3.5 Microscopic Characteristics oi Asarum hongkongense 
3.5.1 Transverse Section of Leaf 
The transverse section of the leaf is shown in Figure 3.1. Upper epidermis and lower 
epidermis are consisted of a single layer of cells. The upper epidermal cell is 
elongated in shape and is about 20-30 \xm x 40-50 |im in size. Lower epidermis is 
oval or rounded in shape and is about 30-40 |am in diameter. 
Spongy tissue and vascular bundles of the midrib lie between the upper and lower 
epidermis. The palisade tissue is not obvious. 
3.5.2 Surface View of Leaf 
The surface view of upper epidermis of leaf is shown in Figure 3.1. Both upper and 
lower epidermal cells are irregular with slightly wavy anticlinal wall. There are a few 
pale yellow oil droplets or secretion. 
Stomata (Figure 3.2) can be found only on the lower epidermis of the leaves. There 
are 4-6 subsidiary cells surrounding the stomata. The stomata mostly are 
tetracytic-type with one pair of small and 1 pair of large subsidiary cells facing 
oppositely. The stomatal index value was calculated to be 8.303. 
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Figure 3.1 Microscopic features of transverse section of leaf of Asarum 
hongkongense 




Figure 3.2 Microscopic features of leaf of Asarum hongkongense 
1. Upper epidermis and oil cell 2. Stoma on lower epidermis 
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Non-glandular hairs (Figure 3.3) appear only on the margin of the leaves, 10-13 cells， 
35-55 |im in length, tip bended into hook and base enlarged. 
3.5.3 Transverse Section of Root 
The transverse section of the root is shown in Figure 3.4. Epidermis is at the 
outermost layer consists of one row of cells. It is about 40-50 \im x 25-40 |j.m in size. 
The cortex is wide and mainly consists of parenchymous cells. Endodermis is 
indistinct. 
Vascular bundle exists in the centre. The xylem appears from triarch to hexarch and 
is usually lignified. 
3.5.4 Transverse Section of Rhizome 
The transverse section of the rhizome is shown in Figure 3.5 including layers of 
epidermis, cortex, endodermis, phloem, xylem and pith. 
Epidermal cells form the outermost layer with a single row of cells. The cells 
showed oblong or square shape and 30-40 jam in diameter. 
Cortex is wide and lies below the epidermis. The cortical cells are elongated and are 
30-50 \xm X 10-15 [xm in size, with more than 20 rows. Endodermis forms the 
innermost layer of cortex. The vascular bundles form an incomplete ring; cambium 
between vascular bundle is indistinct which is linked by intrafascicular 
scherenchymatous cells. 
Pith is large, and mainly consists of parenchyma cells. These cells are long 
ellipse-like and polygon-like in shape and are 40-70 fim in diameter. 
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Figure 3.3 Microscopic features of non-glandular hair on leaf margin of Asarum 
hongkongense 
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Figure 3.4 Microscopic features of transverse section of root of Asarum 
hongkongense 
A. Root B. Transverse section C. Central xylem magnified 
1. Epidermis 2. Cortex 3. Primary phloem 4. Xylem 
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Figure 3.5 Microscopic features of transverse section of rhizome of Asarum 
hongkongense 
A. Sketch B. Transverse section 
1. Epidermis 2. Cortex 3. Endodermis 4. Phloem 5. Xylem 6. Pith 
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3.5.5 Powder 
The powder of the leaf of plant is in green colour and the powder of rhizome and 
root is in brown colour. Starch grains, vessels and pollen grains can be observed 
clearly under microscope. 
3.5.5.1 Pollens 
The pollens of Asaum hongkongense (Figure 3.6.1a) are up to 41-50 |im in diameter. 
They are sub-spherical, with several germinal pores, parpori, aperture (small holes) 
scattering on surface. 
3.5.5.2 Vessels 
Vessels can easily be found in the powder. Two types of vessels are observed: 
reticulated (Figure 3.6.2a) and spiral (Figure 3.6.3a) vessels with 4.2-6.3 |im in 
diameter. 
3.5.5.3 Starch grain 
Few starch grains are present. The simple granule (Figure 3.6.4a) appears round 
shape of 5-20 jim in diameter with dotted, cleft or v-shaped hilum. Some starch 
grains are in compound granules composed of 2-4 units. They show a black-cross 
when observed under a polarizing microscope (Figure 3.6.4b). 
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Figure 3.6 Microscopic features of powder of Asarum hongkongense 
1. Pollen 2. Spiral vessels 3. Reticulated vessels 4. Starch grains 
a. Features under a light microscope b. Features under a polarizing microscope 
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3.6 Microscopic Characteristics of Herba Asari heterotropoidis 
(Liaoxixin) 
3.6.1 Transverse Section of Leaf 
The transverse section of the leaf is shown in Figure 3.7. Both upper and lower 
epidermis are consisted of a single layer of cells. The upper epidermal cell is oval or 
rounded in shape and is about 25-68.8 |im x 15.6-37.5 |Lim in size. Lower epidermal 
cell is round in shape and is about 12.5-18.8 |im in diameter. 
Spongy tissue and vascular bundles of the midrib lie between the upper and lower 
epidermis. No palisade tissue is observed. 
3.6.2 Surface View of Leaf 
The surface view of upper epidermis and lower epidermis of leaf are shown in 
Figures 3.8.1 and 3.8.2，respectively. Oil droplets or secretion could be found in 
upper epidermal cell (Figure 3.8.1). Both upper and lower epidermal cells are 
irregular with slightly wavy anticlinal wall. 
Stomata (Figure 3.8.2) can be found only on the lower epidermis of the leaf. There 
are 4-6 subsidiary cells surrounding the stomata. The stomata mostly are anisocytic 
type (one cell is smaller) and anomocytic type (similar size). The stomatal index 
value was calculated to be 9.09. 
Non-glandular hairs appear only on the veins on the upper epidermis (Figures 3.9.1) 
but the lower epidermis is very hairy (Figures 3.9.2). Each hair consists of 3-7 cells 
(Figures 3.9.3 and 3.9.4)，15-25 fim in length. 
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Figure 3.7 Microscopic features of transverse section of leaf of Herba Asari 
heterotropoidis (Liaoxixin) 
1. Upper epidermis 2. Spongy tissue 3. Lower epidermis 4. Vascular bundle 
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Figure 3.8 Microscopic features of leaf surface of Herba Asari heterotropoidis 
(Liaoxixin) 
1. Upper epidermis 2. Lower epidermis 
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Figure 3.9 Microscopic features of non-glandular hair of leaf of Herba Asari 
heterotropoidis (Liaoxixin) 
1. Upper surface 2. Dorsal surface 3. Magnified image of non-glandular hair on 
upper surface 4. Magnified image of non-glandular hair on dorsal surface 
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3.6.3 Transverse Section of Root 
The transverse section of the root is shown in Figure 3.10. Epidermis is at the 
outermost layer consisting of one row of cells. It is about 10-20|im x 10-25 |im in 
size. The cortex is wide and mainly consists of parenchymous cells. 
Vascular bundle exists in the centre. The xylem appears from diarch (Figure 3.1 OA) 
to triarch (Figure 3.1 OB) and is usually lignified. 
3.6.4 Transverse Section of Rhizome 
The transverse section of the rhizome shows layers of epidermis, cortex, endodermis, 
phloem, xylem and pith (Figure 3.11). 
Epidermal cells form the outermost layer with a single row of cells. The cells 
showed oblong or square shape and are 10-20 \im in diameter. 
Cortex is wide and lies below the epidermis. The cortical cells are oblong or square 
in shape and are 40-60 |am in diameter, with more than 20 rows. Endodermis forms 
the innermost layer of cortex. The vascular bundles form an incomplete ring. 
Pith is large, mainly consisting of parenchyma cells. These cells are long ellipse-like 
and polygon-like in shape and are 50-85 |am in diameter. Stone cells (Figure 3.11C) 
and Figure 3.1 ID) are oblong and square in shape and 1.5-8.5 |im in diameter. 
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Figure 3.10 Microscopic features of transverse section of root of Herba Asari 
heterotropoidis (Liaoxixin) 
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Figure 3.11 Microscopic features of transverse section of rhizome of Herba Asari 
heterotropoidis (Liaoxixin) 
A-B. Transverse section C. Stone cell 
1. Epidermis 2. Cortex 3. Phloem 4. Xylem 5 Pith 6. Stone cell 
55 
3.6.5 Powder 
The powder of the plant is in pale green colour and the powder of rhizome and root 
is dark yellow. Starch grains and vessels can be observed clearly under microscope. 
3.6.5.1 Vessels 
Spiral vessels can easily be found in the powder. The vessel is shown in Figure 
3.12.1 and is 11-14 |im in diameter. 
3.6.5.2 Starch grains 
A large amount of starch grains (Figure 3.12.2) is present. The simple granule 
appears in round shape of 4-7 \im in diameter. The compound granules are composed 
of 2-4 units. 
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Figure 3.12 Microscopic features of powder of Herba Asari heterotropoidis 
(Liaoxixin) 
1. Spiral vessels 2. Starch grains 
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3.7 Discussion 
Microscopic examination of the transverse section of a plant is one of the techniques 
that helps to determine the authenticity of plant materials by identifying the 
characteristically features of structures, tissues, cells, powders, disintegrated tissues 
or surface features. The technique provides more detailed information than 
macroscopic morphology alone. In this chapter, the microscopic features of the leaf, 
rhizome, root, flower and powder of Asarum hongkongense are described and they 
are compared with those of Herba Asari heterotropoidis (Liaoxixin). 
Both upper and lower surface of the leaves of Asarum hongkongense are glabrous. 
Non-glandular hairs only grow on the margin with large-base and in hooked shape of 
10-13 cells and 35-55|im long. For Herba Asari heterotropoidis (Liaoxixin), the 
non-glandular hair is shorter, 3-7 celled and 15-25|a,m long. They are found on the 
upper and dorsal sides of the leaf. 
The transverse section of the leaf of Asarum hongkongense is consisted of upper 
epidermis, lower epidermis, spongy tissue and vascular bundles. Stoma can be 
found only on the lower epidermis of the leaves surrounded by 4-6 accessory cells. 
The stomata are mostly tetracyclic type with one pair of small and 1 pair of large 
accessory cells facing oppositely. The accessory cells of stomata of Herba Asari 
heterotropoidis (Liaoxixin), on the other hand, are mostly anisocytic type (one cell is 
smaller) and anomocytic type (similar size). 
The transverse section of the root of Asarum hongkongense consists of epidermis, 
cortex, phloem and xylem. The phloem and xylem are mostly in primary structure. 
Roots are 1.2-1.5 mm in diameter containing one row of epidermal cells. Cortex is 
wide with more than 25 rows of parenchymous cells. The central xylem is triarch to 
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hexarch and lignified. There are no ergastic substances such as oxalate and stone cell 
found in all layers. 
The transverse section of rhizome of Asarum hongkongense is consisted of epidermis, 
cortex, endodermis, phloem, xylem and pith. The epidermal cells are subsquare or 
long-rounded. The cortex is wide and made up by more than 20 rows of cells. 
Vascular bundles form an incomplete ring and the cambium between vascular bundle 
is indistinct. Phloem is wide, distinct, composed of about 15 rows of cells. Pith at the 
middle is mainly composed of polygonal parenchymatous cells. There are no ergastic 
substances such as oxalate and stone cell in all layers. On the contrary, stone cells 
can be easily found in the pith of rhizome of Herba Asari heterotropoidis 
(Liaoxixin).A comparison with the rhizomes of Herba Asari heterotropoidis 
(Liaoxixin) indicated significant difference between the two species of plants. 
Starch grains, vascular bundles, vessels and pollens can be found in the powder of 
the sample of Asarum hongkongense. The simple starch granule is in round shape of 
5-20 \im in diameter with dotted, cleft or v-shaped hilum. The compound granules 
are in 2-4 units. On the other hand, there is a large amount of starch present in the 
powder of Herba Asari heterotropoidis (Liaoxixin), always 3 units and 4-7^im in 
diameter, which is smaller than the starch grains of Asarum hongkongense. 
A large amount of vessel fragments belonging to reticulated and spiral types with 4.2 
-6.3 \xm in diameter are found in the powder of Asarum hongkongense. However, 
spiral vessels were found in Herba Asari heterotropoidis (Liaoxixin) and the size 
(ll-14iim in diameter) appears to be much larger than that of Asarum hongkongense. 
The size of the pollens of Asarum hongkongense is 41-50 |xm in diameter. They are 
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subspherical, with several germinal pores, parpori, aperture (small holes) scattering 




Molecular DNA sequencing of Asarum hongkongense 
4.1 Introduction 
During the past three decades, the field of systematic biology has undergone several 
simultaneous revolutions. Molecular biology is one of the most significant changes 
in approach in solving many problems which were previously considered intractable 
by morphologists (Hillis 1987; Patterson 1987). A number of genes with 
fundamental biochemical functions have been sequenced, aligned and analyzed to 
study phylogenetic relationships of closely related organisms. Other genes have been 
used to study relationships among morphologically indistinguishable but otherwise 
distinct species (Hillis and Moritz, 1990). This entire range of applications, from the 
origin of life to relatively recent evolutionary events, has been addressed by studying 
the ribosomal RNA (rRNA) genes and their associated spacer regions, collectively 
called ribosomal DNA (Appels and Honeycutt, 1986; Mindell and Honeycutt, 1990). 
The rRNA which directly connects with protein synthesis is the necessity for life and 
is universally present in living systems. The rRNA array of a eukaryote nuclear 
genome typically consists of several hundred tandemly repeated copies, as shown in 
Fig. 4.1 (Long and Dawid, 1980). The number of copies of this transcription unit, 
however, may be as few as one (Yao and Gall, 1977), or as many as several 









































































































































































































































































































































































































































































Within a transcription units, coding regions alternate with spacer regions 
non-transcribed spacers (NTS), which include the external transcribed spacer (ETS) 
and internal transcribed spacer (ITS) regions. In Figure 4.1, the ITSl and ITS2 
spacers separate the 18S, 5.8S and 26S genes (or their homologs), and an ETS is 
located upstream of the 18S gene. The transcribed spacers contain signals for 
processing the rRNA transcript. Adjacent copies of the rDNA repeat unit are 
separated by nontranscribed spacers (NTS) which is also called intergenic spacer 
(IGS). This region contains subrepeating elements that serve as enhancers of 
transcription (Flavell and O'Dell, 1979; Kohom and Rae，1982 and 1983; Reeder et 
al., 1983; Reeder, 1984). The lengths of the three coding regions are very similar 
throughout plant species. The 18S rRNA gene consists of about 1800bp (Nickrent 
and Soltis，1995)，the 5.8S rRNA gene consist of 160 bp (Takaiwa et al., 1985) and 
the 26S rRNA gene consists of 3300 bp (Bult et al., 1995). However, the variation in 
the lengths of the non-coding regions IGS, ITSl and ITS2, is very large. Due to their 
small sizes, ITS regions are easily amplified by PGR using universal primers and can 
be used to infer phylogeny among closely related taxa and to identify species or 
strains (Jobst et al., 1998; Nishikawa et al., 1999). Moreover, the ITS regions within 
18S to 26S rDNA have proved useful for the study of plant evolution (Baldwin, 1992 
and 1995; Mitchell and Wagstaff, 1997). 
In this study, DNA sequences of the internal transcribed spacer (ITSl and ITS2) 
regions were analyzed for characterization of Asarum hongkongense. The sequences 
of ITSl and ITS2 regions of Herba Asari heterotropoidis (Liaoxixin) were also used 
for comparison. 
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4.2 Sample Preparation 
Samples of Asarum hongkongense and Herba Asari heterotropoidis (Liaoxixin) were 
collected as described in Section 2.2. Dried samples of Asarum hongkongense and 
Herba Asari heterotropoidis (Liaoxixin) were rinsing by 70% ethanol 3 times to 
remove any contaminants. The samples were then cut into small pieces. 
4.3 Method 
4.3.1 Extraction of Total DNA 
DNA was extracted from the samples by FastDNA® Kit (BIO 101) and FP120 
F a s t P r e p T M Cell Disrupter (BIO 101). 
About 50 mg of sample was placed into lysing matrix tube, which contained a 1/4” 
sphere, garnet and 1/4" cylinder. Then 800|iLCell Lysis solubilizing Solution 
(CLS-VF), 200|iL Protein Precipitation Solution (PPS), 100|iL 10% 
polyvinylpyrolidone (PVP), \\\iL IM dithiothreitol (DTT), ll^iL IM sodium 
thiosulfate and 20|a.L 2% beta-mercaptoethanol were added to the sample in the tube. 
The tube was then placed into the F a s t P r e p ^ M Cell Dismptor and processed for 30 
seconds at the speed of 5.0. The sample mixture was then incubated in ice for 30 
seconds followed by 15 minutes of shaking at room temperature. After that, the 
sample was centrifuged at 14000 rpm for 5 minutes to pellet protein and cell debris. 
About 600|iL of the supernatant was transferred to a new microcentrifuge tube and 
600|iL of Binding Matrix was added with gentle mixing. After incubation at room 
temperature for 5 minutes, the sample mixture was spun for 1 minute and the 
supernatant was discarded. The pellet was gently resuspended with 500|iL 
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Salt-Ethanol Wash Solution (SEWS-M) and spun for 1 minute and the supernatant 
was discarded. The sample was air-dried for 30 minutes and then the DNA was 
eluted by re-suspension in 100|aL DNA Elution Solution (DBS) followed by a 2-3 
minutes of incubation. The tube was spun for 1 minute at 14000 rpm and the 
supernatant was transferred to a new tube and stored at -20°C. 
The concentration and purity of the DNA preparations were assayed by 
spectrophotometry measurements (OD260 and OD280). The quality of DNA was also 
examined by 1% gel electrophoresis in IX TBE buffer. 
4.3.2 PCR Amplification of ITSl and ITS2 Regions of rRNA Gene 
The two ITS spacers were specifically amplified by using 10 ng DNA template, 
0.5|iL of lOmM dNTPs，2.5|iL of 25mM MgCi2, 2.5|aL of lOX thermophilic DNA 
polymerase buffer, O.SjiL of lOjiM specific primers (Table 4.1) and lU of Tag 
polymerase (Promega). Water was added to make up the final volume to 25jj,L. The 
DNA template was denatured at 94°C for 2 minutes, and then 40 cycles of 94°C for 1 
minutes, 55°C for 1 minute and 72°C for 1 minute. The final extension was carried 
out at 72°C for 10 minutes. The amplification products were electrophoresed in a 1% 
agarose gel, stained with ethidium bromide, and observed under UV illumination. 
4.3.3 Purification of PCR Products 
PCR products were purified with QIAquick® PCR purification Kit (QIAGEN). Five 
volumes of Buffer PB were mixed with 1 volume of the PCR product in the column. 
Then the column was centrifuged at 11000 g for 1 minute and the flow-through was 
discarded. Then 750|xL Buffer PE was added to the column and centrifuged as before. 
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After discarding the flow-through, the column was centrifuged for another 1 min to 
remove ethanol completely. Then the column was placed in a 1.5 ml tube and 30fxL 
of ultra pure water was added to the column to dissolve the nucleic acid. The column 
was incubated for 1 min and centrifuged for 1 min to elute the purified product. The 
product was stored at -20°C until used. 
4.3.4 Sequencing of ITS Regions 
4.3.4.1 Cycle Sequencing Reaction 
The ABI PRISM™ dRhodamine Terminator Cycle Sequencing Ready Reaction Kit 
with AmpliTaq® DNA Polymerase, FS (Perkin-Elmer) was used for the sequencing 
reactions. To a 0.2 ml tube, 30-90 ng of PGR product, 4.0|j,L Terminator Ready 
Reaction Mix (A-Dye Terminator labeled with dichloro [R6G], C-Dye Terminator 
labeled with dichloro [TAMRA], G-Dye Terminator labeled with dichloro [R110], 
T-Dye Terminator labeled with dichloro [ROX], deoxynucleoside triphosphates, 
dATP, dCTP, dITP, dTTP, AmpliTaq DNA Polymerase FS, MgCl2, Tris-HCl buffer 
[pH 9.0]), 1.0|iL of 1.6|aL primer (T3 or T7), and ultra pure water were added to 
final volume of 10|iL. After the tube was spun briefly，cycle sequencing reaction was 
carried out on the GeneAmp PGR System 2400 (Perkin-Elmer). The PGR product 
was first denatured at 96°C for 2 minutes and then 25 cycles of the following thermal 
cycle was performed at 96°C for 10 seconds, 50°C for 5 seconds, 60�C for 4 minutes. 
The reaction mixture was kept at 4°C until ready to purify. 
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4.3.4.2 Purification of Sequencing Extension Products 
The reaction product was purified by ethanol/sodium acetate precipitation. One [iL 
of 3M sodium acetate at pH 4.6 and 25\iL of 95% ethanol was added. The mixture 
was kept at -20°C for 15 min to precipitate the extension product and then 
centriftiged at 12000g for 30 min at 4°C. The supernatant was disposed and the pellet 
was rinsed with 200|j,L of 70% ethanol. The supernatant was disposed again and the 
pellet was dried in vacuum. The pellet was resuspended in 10|j,L Hi-Di foraiamide 
(ABI PRISM™, Perkin-Elmer) and denatured by heating at 95°C for 2 min and then 
chilled on ice immediately. 
4.3.4.3 Electrophoresis by Genetic Analyzer 
The cycle sequencing reaction products were resolved by capillary electrophoresis in 
IX Genetic Analysis Buffer (ABI P R I S M ™ ) using ABI P R I S M ™ 3100 Genetic 
Analyzer. The samples were injected at 2.4 kV for 30 seconds and the 
electrophoresis was run at 12.2 kV at 50°C for 140 minutes. The raw data of the 
sequencing reactions were collected by ABI PRISM™ 3100 Genetic Analyzer Data 
Collection software. The data was analyzed by ABI PRISM™ 3100 Genetic 
Analyzer Sequencing Analysis software and edited by SeqEd 1.0.3 software. 
4.3.4.4 Sequence Analysis and Alignment 
The sequences were used for identification by searching the nucleotide database with 
BLAST on the World Wide Web (WWW) server of the National Center of 
Biotechnology Information (NCBI). 
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4.4 Results and Discussion 
4.4.1 Extraction of Total DNA 
The purity of samples were estimated from the absorbance ratios OD260 /OD280 to 
measure the contamination by proteins. In this experiment, fresh leaf of Asarum 
hongkongense and dried leaf of Herba Asari heterotropoidis (Liaoxixin) were used. 
The integrity of the DNA was examined by 1% agarose gel electrophoresis in IX 
TBE buffer. 
4.4.2 PCR Amplification of ITSl and ITS2 Regions of rRNAS 
Gene 
A single of PCR product was successfully amplified from Asarum hongkongense and 
Herba Asari heterotropoidis (Liaoxixin) (Figure 4.2). ITSl and ITS2 regions of the 
rRNA gene were amplified using Primer 18D+5.8C and 5.8D+28CC (Table 4.1), 
respectively. 
4.4.3 Sequence Analyses 
The PCR products of ITSl and ITS2 regions of Asarum hongkongense and Herba 
Asari heterotropoidis (Liaoxixin) were successfully sequenced. 
The ITSl and ITS2 sequences of Asarum hongkongense are shown in Figure 4.3 and 
4.4, respectively. The length of ITSl region is 256 bp and the ITS2 region is 219 bp. 
The ITSl and ITS2 sequences of Herba Asari heterotropoidis (Liaoxixin) are shown 
in Figure 4.5 and 4.6. The length of ITSl region is 256 bp and the ITS2 region is 221 
bp. 
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Figure 4.2 PGR amplification products of ITSl and ITS2 rRNA gene. The 
amplification products were resolved in 1 % agarose gel, stained with ethidium 
bromide and visualized by UV illumination. Lanes: (M) 100 bp ladder; (1) ITSl for 
Herba Asari heterotropoidis (Liaoxixin) (2) ITSl for Asarum hongkongense; (3) 
ITS2 for Herba Asari heterotropoidis (Liaoxixin); (4) ITS2 Asarum hongkongense 
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Table 4.1 PGR primers used for the amplification of ITSl and ITS2 regions of 
rRNA gene. (Hillis and Dixon, 1991，Hillis et al., 1991). A,C，G, and T 
representing the four nucleotide subunits of a DNA strand of adenine, 
cytosine, guanine, and thymine bases respectively. 
Primers Amplification Sequence (5，to 3') No. of bases 
region 
18D Plant ITSl CACAC CGCCC GTCGC TCCTA CCGAT TG 27 
5 .8C TTGCG TTCAA AGACT CGATG GTTCA 25 
5 . 8 D Plant ITS2 TGAAC CATCG AGTCT TTGAA CGCAA 25 
2 8 C C ACTCG CCGTT ACTAG GGGAA TCCTC GTAAG 30 
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1 TCGATACCTA TCAATCAGAT TGACCACGCG AACTTGTGAT GCCCAATTAT 
5 1 CGGGGGCGGC GTTCAGCCAA CCCCGTCCCT TTGCACCGCG GGATGTCCAT 
1 0 1 GTCTCAAGCC TTGAGCAATC AGGTTTGTTG ACGGTACATT CGGCGGCTGA 
1 5 1 CTCGGGGAGG CCGAACAACA ACTCGGCGCG GTCAGCGCCA AGGATTTGGA 
2 0 1 ATTACGTGTG ATGCCATTCT CATCCGTGGG TTTGTCACTA CATCAATCTA 
2 5 1 ATAAAT 
Figure 4.3 Nucleotide sequence of ITSl region of Asarum hongkongense. A，C， 
G，and T representing the four nucleotide subunits of a DNA strand of 
adenine，cytosine, guanine, and thymine bases respectively. 
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1 TATGCGTCGC TCCCACATCC ATCTCGGATA TAGGACGCGG AGATTGGCTA 
5 1 TCCGTTCAAA TCCTTGCGCG GTTTGCCTAA AATTTGGACC TTTGGTGGAC 
1 0 1 TGCGATACGT CCAGTGGTGG TTGTTGGCTT ATTAGCCGCG ATTGACAGAA 
1 5 1 GGACGTGTCG GTGCCCCGCC TCAAAGGTTT GCCATTGGAA CCCAAGTCGG 
2 0 1 GGGTCTTTTG ACTTTCGAA 
Figure 4.4 Nucleotide sequence of ITS2 region of Asarum hongkongense. A，C, G, 
and T representing the four nucleotide subimits of a DNA strand of 
adenine, cytosine, guanine, and thymine bases respectively. 
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1 TCGATACCTA TCAATCAGAT TGACCACGCG AACTTGTGAT GCCCAATTAT 
5 1 CGGGGGCGGC GTTCAGCCAA CCCCGTCCCT TTGCACCGCG GGATGTCCAT 
1 0 1 GTCTCAAGCC TTGAGCAATC AGGTTTGTTG ACGGTACATT CGGCGGCTGA 
1 5 1 CTCGGGGAGG CCGAACAACA ACTCGGCGCG GTCAGCGCCA AGGATTTGGA 
2 0 1 ATTACGTGTA TGCCATTCTC ATCCGTGGGT TTGTCACTTA CATCAATCTA 
2 5 1 AAAAAT 
Figure 4.5 Nucleotide sequence of ITSl region of Herba Asari heterotropoidis 
(Liaoxixin). A,C, G, and T representing the four nucleotide subimits of 
a DNA strand of adenine, cytosine, guanine, and thymine bases 
respectively. 
73 
1 TATGCGTCGC TCCCACATCC GTCTCGGATA TAGGACGCGG ATATTGGCTA 
5 1 TCCGTTCAAA TCATTGCGCG GTTTGCCTAA AATTTGGACC TTTGGCGGAC 
1 0 1 TGCGATACGT CTAGTGGTGG TTGTTGGCTC ATTGTTAGCC GCGATTGACA 
1 5 1 GAAGGACGCG TCGATGCCCC GCCTTAAGGT TTGCCTTTGG AACCCAAGTC 
2 0 1 GGGGGTCTTT TGACTTTCGA A 
Figure 4.6 Nucleotide sequence of rRNA gene in ITS2 region of Herba Asari 
heterotropoidis (Liaoxixin). A，C, G，and T representing the four 
nucleotide subimits of a DNA strand of adenine, cytosine, guanine, and 
thymine bases respectively. 
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By BLAST search, it was found that the ITS sequences of Herba Asari 
heterotropoidis (Liaoxixin) are most similar to Asarum sieboldii LK919 (Accession 
no.: AF061502). The degree of similarity between them is 98 % in the ITS2 region 
(Figure 4.7). The degree of similarity between Asarum hongkongense and Asarum 
sieboldii LK919 (Accession no.: AP061502) is 93% in the ITS2 region (Figure 4.8). 
Figure 4.9 and 4.10 show the comparison of ITS 1 and ITS2 sequences of Asarum 
hongkongense with that of Herba Asari heterotropoidis (Liaoxixin). The degree of 
similarity between their ITSl region is 94.2% and ITS2 region is 93.7%, 
respectively. 
Therefore, it is confirmed that both the Herba Asari heterotropoidis (Liaoxixin) and 
Asarum hongkongense are belonged to the genus Asarum. 
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Seq 1 26 TA~ACATCCGTCTOGGATATAGGAOGCGGATATTGGCTATCCGTTCAAA 85 
111111111111111111111111111111111111111111111111111111111111 
Seq 2 TA~ACATCCGTCTOGGATATAGGAOGCGGATATTGGCTATCCGTICAAA 60 
Seq 1 86 TCA TIGCGCGGTITGCCrAAAATITGGACCTINGGCGGAcrGCGATACGTCfAGTGGTGG 145 
11111111111111111111111111111111'11111·111111111111111111111 
Seq 2 61 TCATIGCGCGGTITGCCrAAAATITGGACCITIGGCGGGCfGCATACGTCfAGTGGTGG 120 
Seq 1 146 TIGTTGGCTCATIGTTAGCCGCGATTGACAGAAGGACGNGTCGATGCCCCGCCITAAGGT 205 
11111111111111111111111111111111111111·111111111111111111111 
Seq 2 121 TIGTTGGCTCATTGTTAGCCGCGATTGACAGAAGGACGCGTCGATGCCCCGCCITAAGGT 180 
Seq 1 206 TfGCTITIGGAACCCAAGTCGGGGGTCITITGACITTCGAA 246 
I I I 11 I I I I I I 11 I 11 I I 11 11 I I I I 11 I I 11 11 I I 11 I I I 
Seq 2 181 TfGCTITIGGAACCCAAGTCGGGGGTCITITGACITTCGAA 221 
Figure 4.7 Comparion of ITS2 region of Herba Asari heterotropoidis (Liaoxixin) 
with that of Asarum sieboldii LK919. "Seq 1" refers to the sequence of Herba Asari 
heterotropoidis (Liaoxixin); "Seq 2" is the sequence of Asarum sieboldii LK919. A, 
C, G, and T represent the four nucleotide subunits of a DNA strand of adenine, 
cytosine, guanine, and thymine bases respectively. N represents unspecified 
nucleotide. V erticallines ( I ), and dots ( . ), indicate gaps, match, and mismatch of 
nucleotides. 
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Seq 1 TATGCGTCGCrCCCACATCCATCTCGGATATAGGACGCGGAGATIGGCTATCCGITCAAA 60 
11111111111111111111·11111111111111111111·111111111111111111 
Seq 2 TA TGCGTCGCrCCCACA TCCGTCTCGGATATAGGACGCGGATATIGGCTATCCGITCAAA 60 
Seq 1 61 TCCITGCGCGGTITGCCTAAAATITGGACCITrGGTGGACTGCGATACGTCCAGTGGTGG 120 
11·11111111111111111111111111111111·11·111111111111·11111111 
Seq 2 61 TCAITGCGCGGTITGCCTAAAATITGGACCTITGGCGGGCrGCATACGTCfAGTGGTGG 120 
Seq 1 121 TIGITGGC- - -ITAITAGCCGCGATTGACAGAAGGACGTGTCGGTGCCCCGCCrCAAAGG 177 
11111111 11 ·111111111111111111111111'1111'1111111111 ·1111 
Seq 2 121 TIGITGGCrCATIGITAGCCGCGATTGACAGAAGGACGCGTCGATGCCCCGCCf -TAAGG 179 
Seq 1 178 TITGCCATIGGAACCCAAGTCGGGGGTCTITIGACITTCGAA 219 
111111 ·11111111111111111111111111111111111 
Seq 2 180 TITGCCITfGGAACCCAAGTCGGGGGTCTITIGACITICGAA 221 
Figure 4.8 Comparion of ITS2 region of Asarum hongkongense with that of 
Asarum sieboldii LK 919: "Seq 1" the sequence of Asarum hongkongense: "Seq 2" 
is the sequence of Asarum sieboldii. A, C, G, and T represent the four nucleotide 
sub units of a DNA strand of adenine, cytosine, guanine, and thymine bases 
respectively. N represents unspecified nucleotide. Dashes ( - ),Vertical lines ( I ), 
and dots ( . ), indicate gaps, match, and mismatch of nucleotides. 
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Seq 1 1 TCGATACCTATCAATCAGATTGACCATGCGAACTTGTGATGCCCAATTAT 50 
I I I I I I I 11 11 11 11 I 11 11 I 11 11 I . 11 11 11 I 11 11 11 11 11 11 11 I I 
Seq 2 1 TCGATACCTATCAATCAGATTGACCACGCGAACTTGTGATGCCCAATTAT 50 
Seq 1 51 CGGGGGCGGCGTTCAACCAACCCCGTCCCTCTGCGCTGCGGGATGTTCTT 100 
111111111111111·11111111111111·111·1·111111111·1·1 
Seq 2 51 CGGGGGCGGCGTTCAGCCAACCCCGTCCCTTTGCACCGCGGGATGTCCAT 100 
Seq 1 101 GTCTCAAGCCTTGAGCAATCAGGTTTGTTGACGGTACATTCAGCGGCTGA 150 
11111111111111111111111111111111111111111·11111111 
Seq 2 101 GTCTCAAGCCTTGAGCAATCAGGTTTGTTGACGGTACATTCGGCGGCTGA 150 
Seq 1 151 CTTAGGGAGGCCGAACAACAACTCGGCGCGGTCAGCGCCAAGGATTTGGA 200 
11· ·1111111111111111111111111111111111111111111111 
Seq 2 151 CTCGGGGAGGCCGAACAACAACTCGGCGCGGTCAGCGCCAAGGATTTGGA 200 
Seq 1 201 ATTACATGTGATGCCATTCTCATTCGTGGGTTTGTCAC-TACATCAATCT 249 
11111·111 1111111111111·11111111111111 11111111111 
Seq 2 201 ATTACGTGT-ATGCCATTCTCATCCGTGGGTTTGTCACTTACATCAATCT 249 
Seq 1 250 AATAAAT 256 
11·1111 
Seq 2 250 AAAAAAT 256 
Figure 4.9 Comparion of ITS 1 sequence of Asarum hongkongense with that of 
Herba Asari heterotropoidis (Liaoxixin): "Seq 1" the sequence of Asarum 
hongkongense; "Seq 2" is the sequence of Herba Asari heterotropoidis (Liaoxixin). 
A, C, G, and T represent the four nucleotide subunits of a DNA strand of adenine, 
cytosine, guanine, and thymine bases respectively. N represents unspecified 
nucleotide. Dashes ( - ), Vertical lines ( I ), and dots ( . ), indicate gaps, match, and 
mismatch of nucleotides. 
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Seq 1 1 TATGCGTCGCTCCCACATCCATCTCGGATATAGGACGCGGAGATTGGCTA 50 
11111111111111111111·11111111111111111111·11111111 
Seq 2 1 TATGCGTCGCTCCCACATCCGTCTCGGATATAGGACGCGGATATTGGCTA 50 
Seq 1 51 TCCGTTCAAATCCTTGCGCGGTTTGCCTAAAATTTGGACCTTTGGTGGAC 100 
111111111111·11111111111111111111111111111111·1111 
Seq 2 51 TCCGTTCAAATCATTGCGCGGTTTGCCTAAAATTTGGACCTTTGGCGGAC 100 
Seq 1 101 TGCGATACGTCCAGTGGTGGTTGTTGGC---TTATTAGCCGCGATTGACA 147 
11111111111·1111111111111111 11·1111111111111111 
Seq 2 101 TGCGATACGTCTAGTGGTGGTTGTTGGCTCATTGTTAGCCGCGATTGACA 150 
Seq 1 148 GAAGGACGTGTCGGTGCCCCGCCTCAAAGGTTTGCCATTGGAACCCAAGT 197 
11111111· 1111·1111111111 ·1111111111·1111111111111 
Seq 2 151 GAAGGACGCGTCGATGCCCCGCCT-TAAGGTTTGCCTTTGGAACCCAAGT 199 
Seq 1 198 CGGGGGTCTTTTGACTTTCGAA 219 
1111111111111111111111 
Seq 2 200 CGGGGGTCTTTTGACTTTCGAA 221 
Figure 4.10 Comparion of ITS2 sequence of Asarum hongkongense with that of 
Herba Asari heterotropoidis (Liaoxixin): "Seq 1" the sequence of Asarum 
hongkongense; "Seq 2" is the sequence of Herba Asari heterotropoidis (Liaoxixin). 
A, C, G, and T represent the four nucleotide subunits of a DNA strand of adenine, 
cytosine, guanine, and thymine bases respectively. N represents unspecified 
nucleotide. Dashes ( - ), Vertical lines ( I ), and dots ( . ), indicate gaps, match, and 
mismatch of nucleotides. 
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Chapter 5 
Determination of Aristolochic Acid in Asarum hongkongense 
5.1 Introduction 
Chemical analysis is an approach to test for the presence of chemical constituents 
contained in the herbal materials. The chemical composition of medicinal herbs is 
complex and they usually constitute a wide range of primary and secondary 
metabolites such as proteins, sugars, glycosides, etc. There are many methods for 
detection of chemical constituents in Chinese medicine including TLC method, 
capillary electrophoresis, HPLC method, etc. According to the published studies, the 
AA contents in Herba Asari is only in trace amount. The sensitivity of the method is 
a crucial consideration. Since High Performance Liquid Chromatography (HPLC) 
method can provide accurate and reliable quantitative results with low detection limit, 
it was used in this study. In addition, HPLC requires low solvent consumption and 
provide high extraction efficiency. 
The HPLC analysis of chemical constituents has been developed for many years. In 
this study, HPLC was used for chemical analysis of aristolochic acid (AA) contents 
in various samples because the information obtained is direct and accurate. HPLC is 
also widely used for separation, identification and determination of the chemical 
components in complex mixtures. A chromatographic system is composed of 2 
phases, the stationary and the mobile phases. The stationary phase is held in a 
column which is a narrow tube. The mobile phase is forced to pass through the 
column by applying pressure. Components of a mixture are carried by the mobile 
phase to pass through the column and separation is based on the difference in 
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interactions of the individual component with the two phases. 
The re versed-phase HPLC is a common technique for chemical analysis. In 
reversed-phase HPLC column, the stationary phase is non-polar which is prepared by 
bonding hydrocarbon (e.g. phenyl, C-18) to the surface of silica. The mobile phase 
used is a relatively polar solvent (e.g. water, methanol, acetonitrile). Since the 
chemical components in the herbal extract are complicated, reversed-phase HPLC is 
suitable for separation of these extracts which contain both non-polar and polar 
components. Good separation can often be achieved by this means. 
5.2 Sample Preparation 
Samples were collected as described in section 2.2. The sample extraction method 
and HPLC analysis were adopted from an USFDA method (Flurer et al., 2000). Thus, 
dried samples of Asarum hongkongense were ground to fine powder. The sample (1 
gram) was placed in a centrifuge tube to which 10 mL of Methanol (MeOH) was 
added. The tube was sonicated for 2 hours. The solution was then filtered through a 
0.45 |im filter membrane and the filtrate was analyzed by HPLC and detected by MS. 
A flow chart of the method is shown in Figure 5.1. 
5.3 Standard Preparation 
A mixture of AA-I (29%) and AA-II (66%), purchased from Sigma, was used as the 
standard. Quantification was based on AA-I. Standard stock solution (1 mg/ml) was 
prepared by dissolving 3.448 mg of standard in 1 mL methanol. From this solution, a 
series of 5 standards with concentrations of AA-I of 0.0001，0.0002, 0.0004, 0.0006 
and 0.0008 mg/mL were prepared for calibration. 
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Ig Dried Roots/ Leaves powder 
Add to 10 mL Methanol 
Sonicate for 2 hours 
Filter with 0.45 /z m filter 
Collect the supernatant 
HPLC analysis 
Figure: 5.1 Flow chart of the HPLC analytical procedures 
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5.4 Experimental 
5.4.1 Chemicals and Reagents 
Methanol and formic acid were of HPLC grade supplied by Merck Company. 
Ammonium acetate was obtained from Fluka Chemie AG while water was obtained 
by a Milli-Q (Millipore, Bedford, MA, USA) water purification system. 
The chemical reference standard, aristolochic acid I (AA-I), was purchased from 
Sigma Company (Lot. 083K1230). 
5.4.2 Methods 
5.4.2.1 High-Performance Liquid Chromatography 
According to the Chinese Pharmacopoeia (Cheng, 2005) AA present in medicinal 
plants can be extracted by soxhlet extraction followed by TLC analysis. Another 
report described a multiple ultrasonic extraction followed by HPLC analysis 
(Hashimoto et al., 1999). AA analysis has also been carried out by pressurized liquid 
extraction system in dynamic mode followed by gradient-elution HPLC (Eng and 
Soo，2001). 
Due to the increasing concern about the presence of AA in botanical products used in 
USA，the FDA has developed a procedure for extraction of AA from botanical 
material and plant-containing dietary supplements (David et al., 2003). The extracted 
sample is determined by gradient HPLC with detection at 390 run and APCI/MS. 
An Agilent 1100 series chromatographic system was used in this study. It has five 
modules including a degaser, a binary pump, an automated sampler, a column oven 
and a photodiode array detector. Chromatographic separation was achieved on an 
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Alltech Prevail CI8 column (4.6 mm x 25 cm, 5 |im sorbates). AA analysis was 
carried out by gradient elution. Two mobile phases, A & B，were used. Solvent A 
consisted of 1% formic acid and 1% Ammonium acetate in water. Solvent B 
consisted of 1% formic acid and 1% ammonium acetate in methanol. The flow rate 
of the mobile phase was maintained at 0.5 mL/min under the gradient as shown in 
Table 5.1. Sixty % Part A solution and 40% Part B solution increasing to 100% Part 
B solution over 20 min, and then holing at 100% Part B solution for 10 min. 
The injection volume was 20 fiL by an auto-sampler. A computer is installed with 
Agilent 1100 series schematic diagram to monitor the operation of the pump and 
injector. The chromatographic signals were integrated, analyzed and stored. 
Table 5.1 Gradient program of the HPLC mobile phase 
Time (min) Part A (%) Part B (%) 
0 60 40 
20 0 100 
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5.4.2.2 Mass Spectrometry 
The HPLC system was coupled to an Agilent MSD/Trap SL through a Brucker APCI 
interface. The APCI/MS spectra were collected over a scan range of m/z 320-330 in 
positive ion mode. Ion intensity for AA was acquired by multiple reaction monitoring 
mode at ion m/z 324. Temperature of dry gas and APCI were set at 350�C and 400°C 
respectively. The nebulizer gas pressure was set at 60 psi and the dry gas flow rate 
was 5 L/min.. The HPLC system was directly connected to the MS without stream 
splitting. The tube lens and heated capillary voltages were tuned automatically in ESI 
mode by infusion for maximum transmission of the AA-I [M-H20]+ ion. 
5.4.3 Other Instrumentation 
Alltech HPLC Syringe Filter of 0.45 i^m and electronic balance were purchased from 
Sartorius Company. Yuen Tai Ki blender was from Taiwan and transonic sonicator 
of model T700/H is a product of Lab-Line. 
5.5 Method Validation 
5.5.1 Calibration 
A series of 5 standard solutions within the linear range were prepared and analyzed. 
The concentrations of the 5 standards were 0.0001，0.0002，0.0004，0.0006 and 
0.0008 mg/mL. The calibration graph with area ratios against concentrations were 
plotted and shown in Figure 5.3. The regression equation and square correlation 
coefficient (一）were also established in Figure 5.2. The square correlation 
coefficient of this method is 0.9995. It was found that the calibration data suggest 
good linearity over the tested range 0.0001 - 0.0008 mg/mL. The concentrations of 
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AA-I in the sample are calculated from the ratios of the peak areas. 
200000 1 
y = 235848658x-1149 
180000 - R2 = 0.9995 ^ 
160000 - Z 
140000 - j f 
120000 - X 
"O TO ^ 庄I z 
100000 - y 
I I z 
80000 - X 
60000 - ^ 
40000 - ^ 
20000 - ^ 
0 "I 1 1 1 1 1 1 1 —I 1 
0 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008 0.0009 
concentraion of AA (mg/mL) 
Figure 5.2 Calibration curve and regression equation for AA-I 
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5.5.2 Precision 
The precision of the method was determined by conducting five consecutive identical 
injections of the AA standard with a concentration of 0.0004 mg/mL under the 
optimal conditions. The reproducibility is expressed as the relative standard deviation 
(RSD). 
The result of precision is shown in Table 5.2. The relative standard deviation of the 
measurement is 2.39 %. This precision of the study is considered acceptable. 
Table 5.2 Precision data for AA-I 






Mean (mg/mL) 0.00041 
RSD (%) 2.39 
87 
5.5.3 Recovery Test 
A leaf sample of Herba Asari heterotropoidis (Liaoxixin) was spiked with AA to test 
the recovery rate. The recovery rate was calculated from the following equation: 
Recovery (%) = (Cs-Co) x 100/S 
Where Cs is the amount of AA determined in spiked sample, Co is the amount of AA 
determined in sample, S is the amount of AA spiked into sample. 
Five plant samples obtained from the same batch were spiked with ImL (0.0044 
mg/mL) of standard AA-I. The samples were then extracted and analyzed as 
described in Figure 5.1. The result is shown in Table 5.3. From the table, the 
recovery rate of AA is 90.55 - 98.07 % with RSD value of 3.48 % which is 
considered satisfactory. 
Table 5.3 The result of recovery rate 







RSD (%) 3.48 
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5.5.4 Limit of Detection 
Limit of Detection (LOD) is the amount of sample which can be reliably detected 
under the stated experimental conditions. In general terms, the limit of detection of 
an analyte may be described as that concentration which gives an instrument signal 
significantly different from the 'blank' or 'background' signal. 
Generally, it would be the concentration of a sample which provides a signal-to-noise 
ratio of 3. By this method, the result of LOD of AA is 50 ng/mL. The total ion 
chromatogram of limit of detection is shown in Figure 5.3. 
Int«n& I ‘ 
3 0 0 0 -
2000-
K 
2 0 21 2 2 2 3 24 25 26 Tlm« Imln] 
Figure 5.3 Total ion chromatogram of Limit of Detection (LOD) of AA-I standard 
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5.6 Results and Discussion 
The choice of solvent for extraction of AA was the most important factor for the 
extraction of analyte. In the preliminary test, both 90 % methanol and 100% methanol 
were attempted. The results showed no significant difference between them. Therefore, 
pure methanol was chosen as the extraction solvent to simplify the extraction procedure. 
The linearity, precision, and recovery rate studies of the HPLC analytical protocol are all 
satisfactory and the test method is considered reliable. The sensitivity of this method is 
also high with a Limit of Detection of 50 ng/mL. Besides, the mass spectral data 
obtained can provide a valuable supportive information for the confirmation of the 
identity of AA-I. The total ion chromatogram (TIC) and the mass spectrum of AA-I are 
shown in Figure 5.4 and 5.5, respectively. 
Sample extracts were analyzed as described in section 5.4.2.2. A total ion chromatogram 
(TIC) for the leaf part of Asarum hongkongense is given in Figure 5.6. The retention 
time is about 23.6 minutes. The concentration of AA-I in leaf was calculated to be 4.75 士 
0.35 mg/kg. 
A total ion chromatogram (TIC) for the root part of Asarum hongkongense is given in 
Figure 5.7. The retention time is about 23.6 minutes. The concentration of AA-I in root 
was calculated to be 1.5 士 0.3 mg/kg. 
It shows that the AA-I content in root is only one third of that of the leaves, which is 
consistent with the analysis result reported by Hong Kong Government Laboratory and 
Hong Kong Baptist University in 2004 reporting that the aerial part contains much 
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Figure 5.4 Total ion chromatogram of AA standard 
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Figure 5.5 Mass spectrum of AA standard 
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Figure 5.6 Total ion chromatogram of AA-I in Asarum hongkongense leaf sample 
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In this thesis, the morphological features, microscopic features, chemical constituent 
such as aristolochic acid, and molecular DNA sequences of ITSl and ITS regions of 
Asarum hongkongense were described and Herba Asari was used as a reference. 
Structure and form of the leaf, root, rhizome and flower of Asarum hongkongense 
are clearly described in the first chapter. The information can serves as a useful 
reference for differentiating Asarum hongkongense from other similar species to 
avoid confusion in names and counterfeiting. For example, Asarum ichangense C.Y. 
Cheng et C.S. Yang is easily confused with Asarum hongkongene, but their 
differences can be easily differentiated from morphological features of the leaves 
and flowers. 
In the chapter of microscopic features, the procedures of preparing transverse section 
of different parts of the plants of leaf, stem, root, rhizomes were developed according 
to the Chinese Pharmacopoeia (Cheng, 2005). The thickness of leaf, root and 
rhizome parts were measured and stomata index of the leaf was also calculated. 
Illustrations were shown in this chapter for easy reference in the process of 
authenticating product in powdered or shredded forms. 
Due to the global awareness of toxicity problem, the presence of aristolochic acid in 
Herba Asari is a big concern. Methods have been developed for the quantitative 
analysis of AA in Asarum hongkongense. The content of aristolochic acid of Asarum 
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hongkongense was tested and found to be low (4.75 mg/kg in the leaf part and 1.5 
mg/kg in the root part). 
Methods of sequencing of the ITSl and ITS2 region of A. hongkongense were also 
developed. The purity of DNA is satisfied for conducting PGR amplification. A 
single PGR product was successfully amplified and the PGR products of ITSl and 
ITS2 regions were successfully sequenced. 
6.2 Further Study 
Although Herba Asari is a commonly used TCM, there is no medicinal application 
for Asarum hongkongense so far. The main reasons are due to its low population and 
lack of information about this species of plant. Further studies are warranted in 
several areas. First, it would be desirable to analyze the composition of essential 
oils in Asarum hongkongense, in order to provide information for the possible 
applications of this plant. Second, the DNA sequence order of ITSl and ITS2 region 
needs to be further analyzed in reference to other related species so that the 
phylogenic relationship can be established. Third, the population of Asarum 
hongkongense shall be increased by setting up a propagation technique such as tissue 
culture for further scientific research and applications. Lastly, it would be desirable 
to investigate the medicinal function of this plant. Chinese medicines derived from 
the Family of Aristolochiaceae are usually used for treating common cold and pains, 
thus Herba Asari is widely utilized since of time of the Shanghai! Lun (傷寒論). 
Asarum hongkongense has great potential to become a member of Herba Asari. 
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